We study the physical degrees of freedom of the relativistic fluid defined in terms of one real and two complex conjugate potentials with values on a Kähler manifold. The potential fields represent the degrees of freedom of the system while the conserved currents are responsible for the topological charges. In the hamiltonian formulation, the canonical conjugate momenta of the potentials are subjected to second class constraints. The physical degrees of freedom are obtained by projecting the potentials on to the constraint surface by applying the symplectic projector constructed from the Dirac and the symplectic matrices. The physical Hamiltonian is given and a toy model example is briefly discussed. *
The recent interest in the lagrangian and hamiltonian formulation of the relativistic fluid mechanics has been motivated by the possibility of addressing problems in the high energy physics such as the netron star dynamics [1] and the representation of the massless axion field in cosmology [2] in this relativistic fluid framework. In particular, this approach allows the study of the vortex topology [3, 4] and the dynamics of the supersymmetric fluid [5, 6, 7] . An interesting proposal was formulated in [8] where the fluid-dynamical regime was obtained for a large class of supersymmetric models which depend on potentials that are coordinates of an arbitrary Kähler manifold. The complex parametrization of the theory can be performed at the non supersymmetric level and the full structure of the divergence free currents and the topological charges can be obtained in this way.
In this paper, we are going to analyse the physical degrees of freedom of the relativistic fluid on Kähler manifolds from [8] and to determine its physical hamiltonian. Since the reduced phase space of the potentials and their canonical conjugate moments is subject to second class constraints, one can apply the symplectic projector method developped in [9, 10, 17] and more recently it was applied to the extended abelian Chern-Simons [11] , noncommutative open string [12] , Maxwell-Chern-Simons [13] and Lorentz-symmetry violation [14] (see for reviews [15, 16] .
Consider the relativistic fluid characterized by the local physical quantities p, ε, and ρ which are the pressure, the energy-density and the local fluid density, respectively. Its dynamics conserves the energy-momentum tensor T µν and the fluid density
where
η µν = (−, +, +, +) is the Minkowski metric and u µ = dx µ /dτ is the velocity fourvector with u 2 µ = −1 and τ is the proper time along the flow line of the current. From the current conservation equation (1), one can see that there are three current independent components to which one can associate three potentials (θ, z,z) which play the role of the Lagrange multipliers in the lagrangian formulation of the theory. As was argued in [8] , one can take θ real, z complex andz. the complex conjugate of z. The complex potentials parametrize an arbitrary Kähler manifold characterized by the Kähler potential K(z,z) which is a real function on z andz. The above conservation equations can be obtained from the following lagrangian [8] 
From the definition of the fluid density current current ρ = −j 2 . The equations of motion from (3) are
The symmetries of the action constructed from L are the spacetime translation and the reparametrization of the potentials. The corresponding conservation laws are the conservation of the energy-momentum tensor and of the fluid density current as given in the relation (1) and the conservation of an infinity of currents J µ [G] = −2G(z, z)j µ generated by the charges
where the conservation law has the following form
Also, there are conserved axial currents defined as follows
The corresponding topological charges are given by the following relation [8] 
and they can be interpreted as the linking number of vertices formed in the fluid . In order to study the physical degrees of freedom of the relativistic fluid we construct its hamiltonian. Following [8] , we define the canonically conjugate momenta as follows
Note that the currents j µ do not appear dynamically in the theory. However, they are proportional do the vector u µ which represents the derivative with respect to the proper time along the fluid current. Also, according to the relation (7) the axial current depends locally on π µ . Therefore, the relevant phase space for the physical degrees of freedom is the reduced phase space (θ, z,z, π θ , π z , π z ) . The hamiltonian density has the following form
From the relations (9) we can read off the following two second-class constraints
In this case the physical phase space can be obtained by projecting the reduced phase space variables on to the constrained surface. This can be most economically achieved by applying the symplect projector method given in [15, 16] . Let us introduce the following notation
The symplectic projector has the following form [17] 
where J ik = −J ki is the symplectic matrix of the reduced phase space, D −1 αβ , α, β = 1, 2, is the inverse of the Dirac matrix of the constraint brackets computed at equal times
From the constraints (12) one can easily compute the Dirac matrix
From the above relations we can calculate the symplectic projector matrix which has the following expression 
from which we obtain ξ * 1 (x) = ξ 1 (x), ξ * 2 (x) = 
The number of physical fields {ξ * i } is equal to the number of unprojected fields {ξ i }. However, since now the system is on the constrained surface, one can use the constraints {Ω α } to express the coordinates ξ * 5 and ξ * 6 as a function of ξ * 4 . 
